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Although infection by nontuberculous (atypical) mycobacteria has been recognized for 25 years [1] , its epidemiology is still obscure [2] . These bacteria have been found in the environment [2, 3] , and the majority of persons reacting to skin tests with the mycobacterial antigens PPD-B and PPD-G reside in the southeastern coastal regions of the United States [4, 5] . Therefore, we have examined water and air samples from along the eastern United States coast to identify more completely the possible sources of these mycobacteria and to begin to understand the epidemiology of infection.
Materials and Methods
For the purposes of this study, the eastern coast was divided into eight regions (figure 1) based on natural boundaries. The western limit was just east of the Appalachian Shield. The north-south divisions were latitudinal lines drawn near state boundaries. Some states were combined when there were few data (South Carolina and Georgia), or when the lines enclosed more than one state (Maryland, Delaware, and New Jersey).
A total of 520 surface or microlayer samples was collected. Those from regions B-H included samples with various salt concentrations; only fresh water was collected from region A (figure 1). The methods for sampling and isolation processing have been described in detail [6] , including the use of 2%-4% NaOH to decontaminate all water samples. In addition, nine air samples were collected from five sites on two different days (one each in summer and spring) above the James River at Richmond, Virginia, using a six-stage Andersen Cascade Sampler with Middlebrook 7H10 (BBL, Cockeysville, Maryland) agar plates [7] .
All of the strains of Mycobacterium aviumintracellulare-scrofulaceum (MAIS) and a selected number of other strains isolated from water and air samples at either Virginia Polytechnic Institute and State University or the New York State Department of Health were identified at the latter according to commonly accepted criteria [8] , including growth rate, niacin reaction, nitrate reduction, Tween 80 hydrolysis, tellurite reduction, urease activity, arylsulfatase activity, and 68 C and semiquantitative catalase activities. All slow-growing The distribution of MAIS biovars also varied by region (table 3), with M. intracellulare (P-U-Cand P'U-C-) predominant in the North and M. scrofulaceum (PUC* and PU-C*+) in the South. However, the regional differences for M. intra- ( (table 4) were not statistically significant. The distribution of MAIS in the aerosol samples from the James River was noteworthy. While only four of the nine specimens contained MAIS, all of these isolates were M. intracellulare. In contrast, M. intracellulare accounted for only 56% of the MAIS isolates in water samples collected near this site on the same date. The distribution of MAIS serovars also showed regional differences, although the numbers were small. Only one of 15 strains in regions G and H (the Gulf and Florida) was serotypable, while all except one of the six strains in region B were typable (table 5).
Discussion
Although the predominating strains of mycobacteria isolated in this study were the saprophytes M. terrae and M. gordonae, 25 7o of the water samples contained potentially pathogenic MAIS strains (table 1) . Two other potentially pathogenic species, M. kansasii and M. marinum, were not found, and the M. fortuitum-chelonei complex was found in only 1% of the specimens. All of these potential pathogens are probably environmental in origin [2] and may have been present in the samples. If so, they were missed as isolates because all except MAIS are highly susceptible to NaOH, which we used for sample decontamination (our unpublished data). Lower concentra- tions of NaOH would have allowed unacceptably high contamination of the cultures by non-acidfast bacteria and fungi. Because all mycobacteria are susceptible to NaOH in varying degrees, the number of strains isolated may represent only a fraction of the actual number of strains present in these waters. Some strains may also have been missed when a sample contained more than one, although we tried to pick out all apparently different colonies. The more dysgonic MAIS strains may have been overgrown by the predominant, more rapidly growing saprophytes M. terrae and M. gordonae and the unclassified rapidly growing strains, especially in the fresh and low-salinity waters.
Since virtually the only potential pathogens isolated were MAIS strains, we shall restrict our discussion to them. Their regional distribution agrees with that of skin-test reactors [4, 5] . Both the reactors and the numbers of MAIS strains increased proportionately from north to south, peaking along the East Coast in the South Carolina-Georgia region and in the Gulf States, the only exception being in Florida.
Since laboratory studies show that MAIS strains can grow equally well in water collected in the North or South [12] , their preponderance in the South is probably due to some factor other than nutrients or inhibitors in the water. One obvious factor is temperature: these mycobacteria grow best above 17.8 C and poorly below 15.5 C [12] . Since the northern samples were collected in the spring and summer, when growth conditions were optimal, the data from this region may be biased. The long cold period in the North produces unfavorable environmental conditions that reduce the average year-round numbers of all bacteria in this region. Another possible explanation for the predominance of these MAIS strains in the South may be the presence of additional, as yet undetermined, origins of the organisms in the South rather than in the North.
The distribution of our isolates corresponds to that of delayed hypersensitivity to the MAIS complex, a complex composed of 30 recognized serovars [2] and at least eight biovars [9, 10] . Although we do not know the distribution of infections in the United States caused by each of these varieties, we attempted to use these subdivisions in evaluating our data. The three criteria used to separate the biovars (pigment, urease, and catalase activity) are quantitative properties related to growth and are open to subjective interpretations. Therefore, before assigning a strain to a particular biovar, we ascertained that the culture was pure (by replating single colonies), that growth was as heavy as could be expected for the strain, and that other properties such as photochromogenicity and niacin reactivity were consistent with expectations. All eight biovars were isolated (table 3) scrofulaceum is related more often to nonpulmonary disease such as lymphadenitis [2] . The relative uniformity of occurrence of M. intracellulare in our study suggests that the rates for mycobacteriosis due to M. intracellulare should be similar all along the East Coast. However, although the exact incidence is not known, we usually see only one or two cases each year in rural upstate New York, whereas our colleagues in the South report a much higher incidence. Here again, year-round temperatures may play a role. During the colder part of the year one would expect few mycobacteria in northern waters, but in the South the numbers of M. intracellulare probably would not vary greatly throughout the year. Studies to investigate these correlations are under way.
Since M. intracellulare is primarily a pulmonary pathogen [2] , infection is probably via aerosol and is associated with droplets less than 10 ,m in diameter [13] . Such droplets are produced from large bubbles formed in water by wave action, rain, and man-made activity. Because large bodies of water have greater surface areas and greater wave action, such droplets probably form several hundred per bubble at high concentrations [14] over estuaries, bays, and sounds (waters with 1.0%-1.9% salt concentrations). Because we have recovered M. intracellulare from such aerosols, they must be considered potential sources of pulmonary infection, and the potential for inhalation of such aerosols (and M. intracellulare) would be greater in coastal regions. This is consistent with data presented earlier by Gruft et al. [15] .
The results of air sampling suggest that there is a differential rate of adsorption of different biovars on the droplets formed by wave reaction, M. intracellulare being scavenged at a higher rate than that of the other MAIS biovars, but the data are insufficient to be evaluated statistically. This differential scavenging effect has been shown in the laboratory with pigmented biovars of Serratia marcescens [16] . If additional testing proves it to be true in the field with the MAIS biovars, this would explain in part the predominance of M. intracellulare in the air and therefore the apparent predilection of M. intracellulare over M. scrofulaceum for the lungs.
One remaining discrepancy to be investigated is the low frequency of MAIS isolates in Florida coastal waters compared to the high prevalence of skin-test reactors in this region. A possible explanation for this prevalence is that the mycobacteria are carried over the Florida peninsula by aerosols formed over the ocean and the Gulf of Mexico and are carried inland by offshore winds. To test this hypothesis we plan to collect aerosol samples from various areas in the southern states.
Summary
Apparently, mycobacteria are washed into river and lake waters from the rich soil of areas such as the Piedmont, where they multiply during most of the year, and flow slowly toward the coast. Droplets formed by bursting bubbles are released into the air and are blown inland. Those droplets containing MAIS can enter a susceptible host, producing infection and stimulating delayed hypersensitivity.
Before our data can be analyzed further, we must know more about the prevalence of infection with the various biovars and serovars of MAIS, as well as the prevalence of these mycobacteria in specimens from persons without apparent infection.
